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DENDROMETER STUDIES OF FIVE SPECIES O:B' 
BROADLEAF TREES IN INDIANA 
By RAY C. FRfESN£R 
In a previous paper (2) results of a dendrometer and dendrograph 
study on Fag·us gmndifolia were given. The present paper presents 
results of an additional year of observations on the same species and 
a season of observations on four other species, viz. Ulm.us (l1"nericcma, 
U. fulva, Ace'r saccha'rwl1/. and Quej'cus alba. 
Observations on Fagus grandifolia extend throughout the calendar 
year 1941, those all Ulmus fu!vn began on April 14, and those on the 
other species began on March 3. In all cases observations included 
in the present discussion ended on December 22, 1941. 
FAGUS GRANDIFOLIA 
Previous studies on this species have been made by Dr. A. W. 
Gericke (5) and by the present writer (2). The former study was 
made during the season of 1919 on a tree near the Laboratory [or 
Plant Physiology of Johns Hopkins University, Baltimore, Maryland, 
and the latter on three trees on the estate of Charles Lynn just north 
of Indianapolis. 
In both studies growth changes were first noted coincident with 
the time of full expansion of the leaves, which in both instances was 
the middle of May. In the I3<iltimore tree .growth continued until 
June 5 and showed intennittent growth, correlated with rains, until 
the latter part of September. In the Indianapolis trees diametral in­
crease reached its maximum rate by the middle of J line and con­
tinued with decreasing rate until the middle of July. From the last 
date until the end of the calendar year, decreases and increaSes alter­
nated in correlation with rainless and rainy periods. At the close of 
the calendar year, one tree showed a net increase of 0.10 mm and 
the other a net increai;e of 0.082 mm over the radius at the time of 
cessation of increase in mid-July, thus indicating some growth activ­
ity subsequent to the time of ending of the main growth period. 
Observations for the calendar year 1941 were limited to one tree 
(tree A of the 1940 period) which was 37.7 cm DBB. The diameter 
recorded by the dendrometer on December 30, 1940 was considered 
to be the zero point for the 1941 data. The period i rom this ti1ne 
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'riod f rom this time 
until the end of the first week in ~Iay. 1941 was occupied by alternate 
jnCl'eases and decreases (table 1). The fi rst changes which 
interpl'eted as growth changes occurred during the week ending May 
12. This is one week after the time of full expansion of the leaves 
and three weeks after the flowers were fully developed. 
leaves reached full expansion two weeks earlier in 1941 than in 1940 
the time of beginning of growth activity was but one 
During both seasons, growth continued with increased intensity, the 
peak in rate being reached in 1940 during the week ending June 17 
and in 1941 during the week ending June 2. 
point in 1940 during the week ending July 15 and in 1941 during the 
week ending June 16. The abrupt ending of radial changes in 1941 
is correlated with drought conditions. Table II shows very definitely 
that the 1941 growing season began with a decided rainfall 
which coiltinued until after the .Tune pause had set in. 
accounts for the shorter period of radial increase during 
compared to 1940. The period from beginning of radial increase to 
its primary cessation was 9 weeks in 1940 and 5 weeks in 1941. 
1940 growth period was entered following tll1usual 
April and :\hy (167.1370 and 110.547<' of normal, 
whereas the 1941 growth period was entered following 6 months of 
subnormal rainfall (January through J"fay being 56.94,24.17, 28.49, 
52.76 and 28.79% of normal, respectively: table II). 
t.he June pause was one 0 f almost continuous loss until 
and early September in spite of the fact that 193.92% of 
rainfall came in June. Apparently this was 
creases already initialed before it came. The maximum length 
the radius for the entire year wa.s reached during the week ending 
'September 2. This was a total increase of 0.78 111111 
at the beginning of the observation period on December 30. 
Behavior subsequent to the Septemher maximum consisted of alter­
'nate decreases and increases. the radius showing a net 
mll1 on December 22 as compared to Septemher 2. 
increase of this tree was 1.02 mm in 1940 and 0.78 111111 in 
spite of the fact that total rainfall for the year Novemher to October 
was 63.13% of normal in 19"10 and 78.25% of normal in 
It is thus apparent that total 'rainfall is not nearly so important in tbis 
regard as the time and manner in which i.t falls. 
161 
ljLMCS AMERICANA 
A dendrometer was attached to one tree measuring 35.3 C111 in 
diameter on March 3, 1941. Flower buds began to swell during the 
week ·ending March 31 (table III). Flowers reached full size during 
the week ending April 7 and fruits were full size 2 weeks later, i. e. 
during the week ending April 21. Radial increase began during this 
same week though vegetative buds showed no appreciable activity 
until one week later, i. e. radial increase began during the week enn­
ing April 21 while vegetative buds began to swell during the week 
ending April 28. lVJaximul1l size of leaves was reached 3 weeks 
(week ending· lVray 5) after initiation of radial increase and 2 weeks 
a fter vegetative buds began to swell. Radial increase continued at 
varying rates (table I) until the end of July after which losses and 
gains alternated but with a further net increase of 0.16 mm by the 
end of the first week in September. 
In the work carried on by Dr. F. T. :\'JcLean (5) the observations 
began too late to show the correlation between initiation of radial 
increase and bud, fruit, and leaf activity above mentioned. In the 
present observations maximal rate of radial increase ocrurred during 
the week ending J line 2 and a· further ancI still higher peak in rate oc­
curred during the week ending June 30. In the former observations 
(by McLean) the maximum rate apparently came at about the same 
time as the first maximum in the present observations but cessation 
of growth came 3 weeks later in the present work than in that of 
McLean. 
The observations by Lodewiek (3, 5) show that radial increase 
reaches a high rate o-f activity, spring wood formation has reased and 
summer wood formation beg·un by the time the leaves reach full size; 
and cambial activity is about at an end by August 1. In the present 
paper radial increase came to a pause by the end of .tuly but an increase 
during the week ending September 8 carried the total length of the 
radius 0.16 111m greater than it was at the time when growth rame to 
the July-end pause. 
Dendrographic data did not beg·in until June during the first 2 
weeks of which the curve shows a steadily upward trend. Reversible 
variations were recorded for each day of this period but their mag-ni­
tude was greatly reduced '?y the fact that this was the only period for 
the entire growing season when rainfall exceeded 53% of the normal­
expected (table II), by the fact that evaporation rate was below tbat 
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as helow that 
for the periods before and after these 2 weeks (table I), and by the 
further fact that the hours of sunshine were much below normal, with 
rain falling on 9 of the 14 days. The maximum magnitude of these 
daily variations was 0.11 111m between peak and trough of the curves, 
the peak occurring between 6 and 8 in the morning and the trough 
between 5 and 6 in the afternoon. Subsequent weeks showed similar 
reversible variations eli Hering only in degree until the first week in 
October after which the curves showed essentially straight lines. 
The curve for the week ending August 4, however, merits special 
mention. On July 29 the curve began dropping at 8 a. m. falling 
gradually for a loss of 0.15 mm until 2 p. m. when a further drop of 
0.23 mm occurred so suddenly as to show a vertical line on the chart. 
A slight further loss between 2 p. In. and 6 p. m. brought the total 
loss for the day to 0.40 111m. During the night there was a recovery 
of 0.18 mm but the following day showed a further loss of 0.30 mm 
with 0.15 mm recovery the following night. Again, on August 2, 
the curve showed a g-radual decline hom 9 a. m. to 3 p. m. with 0.18f	 mm loss followed by a vertical drop shortly after 3 p. m. of 0.65 
mm, making a total drop for the day of 0.83 mm. A recovery of 0.20 
mm occurred during the night. There was thus a net loss of 1.00 mm 
shown by the dendrograph for this week. Denelrometers showed the 
following correlations for the same week: Fagus, 0.05 mm loss; 
Ulmus a111.ericalla, 0.16 111m loss; U. flllva, 0.08 mm gain; ACl'r sac­
charum, 0.30 mm loss; and Qttercus alba, 0.46 mm loss. r 
\	 ULMUS FULVA 
A dendrometer was attached to a tree 27.S em DBH. April 14, 
1941 at which time the tree was in full flower. Radial increase ap­
parently was just about to begin for an increase of 0.02 mm was
,. 
recorded for the week ending April 21. Initiation of radial increase 
came one week before the fruits had reached full size though only 
a total of 0.06 mm had acculTIulated by this time. By comparison, 
U. fulva was one week later than U. a'mer'icana in time of flower and 
fruit activity (table III) and, though the former began growth at the 
same time as the latter, its first 2 weeks of growth were much slower. (	 than the latter (table I). By the third week the two species were 
essentially equal in total growth increment and from that time onf U. fulva was never surpassed in growth rate by U. a·mericana. PeakI in growth rate occurred during the week ending June 16 and gradu­, 
ally fell	 to zero during the week ending September 2; growth thus 
I	 163 
covered a period of 19 weeks, 9 of which wcre occupied in rising to 
the peak and 10 in falling from the peak to the zerO point. The 
period following the end of August was occupied by alternate losses 
and recoveries with the radius being 0.12 mill shorter on December 22 
than on September 2. A maximum radial increase of 3.88 mm was 
recorded for the season. No previous published data on this species, 
secured by these methods, are known to the writer. 
ACER SACCHARUM 
.r'\. dendrometer was attached to a tree 22.5 cm DBB. March 3, 
194f. Buds began to swell during the week ending April 14, flowers 
were fully developed one week later, and many leaves reached full 
e..xpansion during the week e'nding May 5 (table III). Radial in­
crease beg-an during the week ending May 12 or one week aher 
leayes had reached full expansion. In this rega I'd Fagus and Ace. 
were similar. These results are similar to those obtained by Dr. A. B. 
Stout on a tree in the New York Botanical Gardens as reported by 
MacDougal (5) in which radial increase was found to begin about 
the time when the earlier leaves reached full expansion. Rate of 
radial increase rose steadily for 4 weeks, dropped considerably for 
one week, and then rose again for 3 additional weeks to the highest 
peak in rate for the season during the week ending J line 30 (table 1). 
The rate thel~ steadily declined until the end 0'£ July after which losses 
and recoveries alternated but with the final reading for the week end­
ing December 22 showing a net Loss of 0.84 mm as compared to 
the measurements at the time of cessation 0 f growth. 
QUERCUS ALBA 
A dendrometer was attached to a tree measuring 21.9 Clll DBH. 
on March 3,1941. Buds beganto swell quring the week ending April 
21 and leaves reached approximately full size during the week ending 
May 5 (table III). Radial expansion began during the week ending 
April 21, i. e. coi'ncident with swelling of vegetative buds. In this 
regard Querc-u,s alba was more like the two species of Ulmus than 
either Fagus or AceI'. Th~se results are similar in regard to correla­
tion 'between bud activity and inception of radial activity to those 
found i)y MacDougal (5) in Q·uercus kelloggii and by Lodewick (3) 
in Q. v'elulina and Q. borcaHs val'. ma.-cima. 
Following inception of radial increase furth~r increases of vary­
ing weekly amounts are shown (table 1) continuously until cessation 
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increases of vary­
usly until cessation 
of growth during the week ending August.+. The peak in growth 
rate occurred during the week ending June 30. A total of 1.96 ml1l 
of radial increase was recorded before cessation. 
DISCUSSION 
Fr0111 the foregoing it appears that the ring-porons "trees in this' 
study (Ulmus and Quercus) show a much e'arlier inception of growth 
in relation to 'vegetati ve bnd acti vity than the di ff lise-porous trees' 
(Fagns and Acer.). The former show inceptio'n 0 f cambial activity 
(ssentially coinciding with awakening of vegetative bud' activity and 
the latter have cambial activity delayed until time when leaves have 
reached full size or nearly so. 
From tables I and In it will be noted that F<lgns shO\vs a l1lllch' 
shorter growing period than any of the others included in this stndy.­
Judging from the much shorter growth period' shown by Fagus in 
1941 than ill 1940 and noting from table II that the 1941 sea~on' 
was less favorable than 19.+0 from the standpoint of rainfall during 
the time 0f ~rowth' it seems clear that this species shows a greater 
sen:;itivity to reduced soil moisture than [he other species. ?\ot until 
,Tune did anywhe're near normal amounts of rain fall and this did not' 
come in time to stave off a shortening of the growth perioe! for this 
species, Acer and both spec-i('s of l~lmus showed effects 0 f the rain­
fall-c1efic-it by a falling-off of the growth rate in early Jun<: and a 
late June pick-up following the heavy June rainfall. Of course. it is 
obv'ious that other factors are involved in determining growth rate 
but some 0 f these. such as evaporation rate. are apt to be high whell 
rainfall is low thus (Tc-ating a greater demand for water at the very 
time when it is least available, On the other ham!. the number of 
hours of sunshine is likely to be greater when rainfall is less and thi-s. 
would permit more carbohydrates to be made for construction of cell 
materials .. but .. again, water is necessary to produce the turgidity upon, 
which real expansion would depend. 
The role of hormones in growth activity of trees is not well 
understood but as pointed out by I'dacDougal (4, 5) the cambium 
is ar~:JUsed from its resting c:ondition only by hormone:; g'enerated iIi 
the buds or stem tips" ~n most cases initiation of C;<lmbi,:tl acti\'ity 
shows a definite relation to bud activity, In the present study, the 
ring-porous species show initiation of cambi,Ji <l~·tivity e~sentially co­
incident with awakening 0 f vegetative' buds whil~ the eli f fusJ-porous· 
species showed initiation of cambial ac-tivit'y aJ)ollt 'the fi~le of full ex­
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pansion of leaves. It is probable that in the fatter species compollnds 
produced only by the leaves, and after they are fully expanded or 
nearly so, are necessary for awakening of cambial activity. 
These studies do not fully agree with MacDougal's statement (4, 
p.237) that "once awakened, cambium illustrates a fundamental capa­
city to operate unceasingly without pause or rhythm and at a rate 
modi fied only by external conditions and food-supply." In Fa~l1s, 
Acer, and both species of Ulmus the growth curves show definite 
acceleration in rate until a peak is reached and a corresponding de­
celeration until growth ceases. In the present study Acer and Ulmus 
show double peaks but in all four species a definite rhythm or grand­
period type of curve is shown. External conditions without doubt, 
play important roles in determining the time of initiation, time of 
(;. Oail 
only species 
ing- the gre 
di<Hl1e(er in 
The wri 
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for pennissi 
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1. FRJ<:~XF:R 
peak rate and time of cessation of growth and the amount of growth, 
but the growth rhythm occurs independently of definahle rhythms in 
the exterllal environment. They are most likely due to internal phy­
siological conditions, such as available hormones, amount of diversion 
of hormones and other growth substances to other activities. The 
writer has shown (5) that daily rhythms in rate of root elongation 
are due to internal causes, such as alternation of times of maximum 
cell division and cell elongation. 
SUMMARY 
1. Radial and diametral changes have been studied with den­
drometers and dendrograph on Fagus gra1'tdifolia (second season), 
UI'I1·/.tIS amen:canG, U. fulva, AceI' sGcchanl,1'J1, and Querctts alba. 
2. Growth changes in Fagus and Acer were first noted near the 
time of full expansion of the leaves and in Ulmus and Quercus near 
the time of awakening of activity of vegetative huds. In the case 
of Ulmus this was near the time of full size of fruits. 
3. Rate of expansion in Quercus showed a more irregular curve 
than in any of the other species. All others showed a curve ap­
proaching the grand-period type. 
4. Fagus had a much shorter growing period than any of the 
other species. The period was: Fagus,9 weeks in 1940 and 5 weeks 
in 1941; U. americana, 15 weeks; U. /ulva, 19 weeks; Acer, 12 
weeks; and Quercus, 15 weeks. 
5. Fagus appears to show a greater sensitivity to soil moisture 
dehcit than the other species studied. 
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6. Daily reversible variations occurrc;>d in U l'n-uIs americana, (the 
only species studied with the dendrograph during this season) show­
ing the greatc;>st diall1c;>ter in the early forc;>noon and the 
diameter in the late afternoon. 
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TABLE T 
\~'eekly changes in radii of five species o( trees together with Illeterologieal data. 
Ratlius changes 
.\1 o"rolog;c,,1 da,a 
Week .\v. Mean :\v. nally
cndillg' f'agus U. americana t'. f\llv;'l :\C(T QUC'\"C\1' Dail\' Ha,"fall l::vapor. 
Current TOlal Curreuf Toto I CnrTe-1ll To'al CurTenl To,al Currefll TOIal ToUl\>. I uehes Inches 
1-il-~ I -0.44 -0.'14 -1.62°C 0.30 
1-13-41 O.J~ -0.10 O.Oil 0 
1-20-41 -D.12 -0.22 t) 0.7(, 
1-27-~ I O.I~ -MIg 02l) 0.62 
2-3-~j 0.02 - .06 0.29 0 
2- 10-41 --0.10 -0.16 
-2.40 0.12 
2-17-41 0.12 -O.c)~ 2.22 0.47 
2-2~·~ 1 -0.14 -0.18 
-6.77 0 
~ 
0- 3-3-~ I 0.14 -D.04 
-DAO 0.]9no 
.1-10-41 0 -0.04 0 0 0 0 (l 0 I.1g 0.30 
3-17 -41 -0.20 -O.2~ -0.10 -0.10 -0.20 -0.20 -O..lli -fJ.3(, -0.40 0.12 
3-24-41 0.20 -t).O~ 0.28 O.lg Ojh -D.O~ n3(> n J.7~ 0.11 
.1-31-41 0 -0.04 -D.02 0.16 0 -D.04 -0.02 -0.02 4.}(~ 0.47 
4-7-41 0 -0.04 -0.16 O. . -0.02 -D.On -0.12 -0.14 9.48 0.60 0.D95 
4 -14-41 -D.12 -0.16 -0.06 -0.06 t) -0.06 0.06 -0.12 17.SI 0.01 0.152 
4-21-4l 0.03 -O.U 0.22 0.16 om 0.02 Cl.02 -0.04 0.18 0.01i IS.~7 1.30 0.189 
~ -28-41 -003 -0.16 0.04 0.20 0.04 006 0 -0.04 0.06 0.12 11.'18 0 0.153 
5-5-41 0 -0.16 O!O 0..10 0.28 034 0.04 0 0.12 0.24 20.03 0 0.196 
5-12-41 0.13 -003 0.02 0.32 0.12 0.46 0.20 0.20 U.06 0.30 1:1.37 0.08 0.126 
5-19-41 O.OS n.os 0.11) 0.48 Cl.04 0.50 0.32 0.52 0.06 0.31i 17.25 0.21 0.175 
5-21i-41 0,15 0.20 0.08 0.56 0.12 0.62 0.40 092 O.O~ O.~O 22.25 0.02 0.295 
(,·2-41 0.22 0.42 0.38 0.94 0.42 1.04 0.'16 1.38 0.20 0.60 25.98 3.26 0.275 
~:'~ -~--~ .....- ~ .- .. 
TABLE I-(Colltinued) 
)Ictcrological dataRildius chaJlges Av. ]lfean .\v. Daily
Week Ou.rCll~ Dai1r R;,infall Evat'l'L end;n~ r-"rr~II' THt·~l Trllll" 1i1~11"" Inc ~r' 
-21-41 O.u:1 -O.U .22 0,1(, 11.0] 0.02 0.02 -OJ)~ O.IR (l.I)(' I~A7 IJO n.\RlJ 
~-2g-·H -11.03 -(J.I(, O.U4 0,20 0.04 0.06 il -·(J.()4 ().Ol, 0.12 IIA~ () n.li; 
5-5-4J (J -O.H. OJ(J 0..,11 IJ.2~ 0.34 IH)·! 0 0.12 0.24 20.m I) lJ.l(J(j 
S-12-4J 0.l.1 -O.OJ 1).02 0.32 0,12 046 0.20 0.20 0.06 (Uo I.U7 O.tl~ 0.126 
5-1<)-41 o.os 0.05 O.I() 0.48 0.04 0.50 0.32 0.52 0.06 0.3!) 17.25 0.2'1 0175 
5-26-41 n.15 0.20 O.O~ U.56 0.12 0.62 0.40 09:2 004 0.40 22.25 0.02 0.295 
0-2-41 0.22 0.42 0.3!! 0,94 0.42 1.04 0,46 1..18 0.20 0.60 25.98 3.26 0.275 
'!JlI'!!!~I_-- --v--::-­ ~ .......... --u-~---..- .........---';';-'--...------...-.4 
TABLE I-(Continued) 
Week 
ending Fagus 
Curr<nt Total 
U. americana 
Currenl Total 
'Rad; us changes 
U. [ulva 
Current Total 
Acer 
Cunt:nl Total 
Quercu, 
Currenl Tolal 
~reterological dala 
Av. Mean A,. Dally 
Daily Rain[all F:vapor. 
Temp. lnc.h es 11lchc~ 
6-9-41 0.14 0.56 0.06 1.00 0.42 1,46 0,12 1.50 0.23 0.83 22.75 U4 0.200 
b-16-41 0 0.56 0.J6 1.16 0,44 1.90 0,22 1.72 0.21 1.04 19.25 2.2(, 0117 
6-23-41 0 0.56 0.08 1.24 0,28 2.18 0.42 2.14 0.16 l.20 25.13 028 0.202 
6-30-41 0 0.56 0.46 1.70 0.40 2,58 0.56 2.70 0.42 1.62 27.(,3 0.1 0 0.241 
7-7-41 -0.04 0.52 0.10 1.80 0.28 2.86 0.51 3.21 0.12 1.74 24.47 0.24 0.243 
7-14-41 0.Q4 0.56 0.10 1.90 0.37 3.23 0.37 3.58 0.07 1.81 23,47 023 0226 
7-21-41 0,04 0.60 0.07 1.97 0.27 3.50 0.28 3.86 0.03 1.84 22.47 0,39 0.246 
7-28-41 -010 0.50 0.21 2.18 0.20 3.70 0.16 4.02 0,[2 1.96 29.24 0 0.26 [ 
8-4-41 -0.05 0.45 -O.J6 2.02 0.08 3.78 -0.30 372 -0,46 1.50 28.46 0.35 0.324 
a­
\0 
8-11-~1 
8-18-41 
-0.13 
0,27 
0.32 
0.59 
-0.04 
0.06 
1.98 
2.04 
0.04 
0.04 
382 
3.86 
-0.10 
-0.06 
3.62 
3,56 
-0,06 
0,04 
1.44 
1,48 
27.75 
22.20 
006 
0.96 
0.266 
0231 
8-26-41 0.12 0.71 0.04 2.08 0.02 388 0.02 3.58 0.08 1.56 2325 0.38 0.178 
9-2-41 0.07 0.78 --0.04 2,04 0 3,88 0.02 3.60 0.04 1.60 24.42 0.84 0.211 
9-8-41 -0.10 0.68 0.30 2.34 -0.06 3.82 -0.06 3.54 -0.10 1.50 24.69 0,51 0.138 
9-15-41 --0.06 0.62 --0.12 2.22 --0.02 3.80 -008 3,46 .--0.10 1.40 20.75 0.32 0,212 
9-22-41 --0.10 0.52 --0.08 2.14 --0.06 3.74 --0.02 3.44 -0.08 1.32 21.64 0 0.198 
9-29-41 --0.32 0.20 0.16 2.30 0.06 3.80 0.02 3.46 -0.24 1.08 18.87 0.18 0.161 
10-6-41 0,42 062 0.08 238 0,06 3.86 -0.04 3.42 0.44 1.52 20.00 346 
10-13-41 0.02 0.64 -0.08 2.30 0 3.86 -0,16 3.26 -0.12 1.40 15,76 0.62 
10-20-41 0.03 0.67 0 2.30 0.02 388 0.02 3.28 0.04 1.44 16.31 1.17 
10-27-41 0.03 0.70 0 2.30 0 3.88 0.02 3.30 006 1.50 13.54 0.52 
11·3-41 om 0.71 0 2,30 0 3.88 -0.08 3.22 -0.06 1.44 9.70 1.53 
11-10-41 0.03 0.74 -0.04 2.26 0 3.88 0,04 3.26 0.06 1.50 4,51 1.10 
]].17-41 --0.02 0.72 --0.1 0 2.16 -0.02 3.86 --D. 04 3.22 -0.08 1.42 8.59 0 
TABLE I-(Continucd) 
Radiu:; change:,> Meterological data 
Week Av. Mean Av. Daily
ending Fagus u. alllcl"icana U. fulva Acer QllerCttS Daily Rainfall Evapor.
Current Total Cmrent Total Currenl Total Curren[ Total Current Total Temp. Inches Inches 
11-24-41 0.02 0.74 -0.02 2.14 -0.08 3.78 o 3.22 0.06 1.48 7.05 1.10 
12-1-41 o 0.74 o 2.14 0.04 3.82 0.02 3.24 -O.O~ 1.44 8.93 0 
12-8-41 o 0.74 o 214 ..{l.02 380 -0.02 3.22 o 1.44 
12-15-41 -0.10 0.6~ o 2.14 ..{l.08 3.72 -0.04 3.18 o 1.44 
12-22-41 0.08 0.72 ..{l.04 210 0.04 3.76 o 3.18 o 1.44 
­

o " 
TABLE II
 
Rainfall in relation to normal. Scasons 1939-1941
 
Month Rainfall Normal·expecled PcrcCIIlage of Normal 
November 1939 U5 inches 3.35 inches 34.32% 
December 1939 1.13 2.98 37.92 
January 1940 1.38 2.95 46.77 
February 1940 2.38 2.73 87.18 
March 1940 0.90 3.93 22.90 
April 1940 6.05 3.62 167.13 
May 1940 4.30 3.89 110.54 
June 1940 1.88 3.62 51.93 
July 1940 0.90 3.34 26.94 
August 1940 2.91 3.31 87.91 
September 1940 1.06 3.40 31.17 
October ]940 1.15 2.78 41.36 
Total 1939-40 25.19 39.90 63.13 
Noyember 1940 3.38 3.35 100.89 
December 1940 2.58 2.98 86.57 
Jauuary 1941 1.68 2.95 56.94 
February 1941 0.66 2.73 24.17 
March 1941 1.12 3.93 28.49 
. April 194] 1.91 3.~ 52.76 
May 1941 1.12 3.89 28.79 
Junc 1941 7.03 3.62 193.92 
July 1941 1.21 3.34 36.23 
August 1941 lAD 3.31 42.30 
September 1941 1.94 3.40 57.06 
October 1941 7.19 2.78 258.64 
Total 1940-41 31.22 39.90 78.25 
May-Oct. 1940 12.20 20.34 59.98 
May-Oct. 1941 19.89 20.34 97.79 
May-Sept. 1941 12.70 1756 72.32 
Nov.-Apr. 1940 ]2.99 19.56 66.41 
Nov.-Apr. 1941 11.33 19.56 57.92 
TABLE III 
Correlation of growth changes with other activities of the trees. 
Activilies Fagus 
'940 194 r 
Ulmus 
allleriC:l.ua 
Ulmus 
fulva 
Acer Quercl1s 
DBH. at beginning of period 
-em. 
Flower 'buds begin to swelt 
In full flower 
Vegetati ve buds begin to swell 
37.5 37.7 
4-2J 
4-21 
4-2) 
35.3 27.5 
3-31 4-7 
4-7 4-14 
4-28 4-28 
22.5 
4-21 
4-14 
21.9 
none 
none 
4-21 
1-71 
TABLE IlI-(Colllillued) 
ACli,'irie$ Fagus Ulmus 
19-'0 1941 americana 
Fruits full size 4-21 
Leaves full size 5-20 5-5 5-12 
Radial enlargement begins 5-20 5-12 4-21 
Radial enlargement reaches 
primary peak 6-17 6-2 6-2 
6-30 
Primary pause in radial 
enlargement 7-15 6--16 S--4 
All radial growth-enlargement 
ceased 7-15 9-8 9--s 
Increase during 1941-lIlm. 1.02 0.72 2.38 
Interval between beginning 
and ending of growth 
-weeks 9 5 1S 
Ulmus 
fulvil 
4-28 
5-19 
4-21 
6-16 
9-2 
9-2 
3.88 
19 
Accr 
5-5 
5-12 
6--30 
S--4 
S--4 
4.02 
12 
172 
•Quercus 
none 
5-12 
4-21 
6--30 
S--4 
B--4 
1)1' 
lS 
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